Microfabricated surface textures have been utilized to generate narrowly distributed UHMWPE wear particles with different sizes and shapes. The ultimate purpose of the research is to study bioactivity effects induced by UHMWPE particles that lead to the failure of total joint implants. Previously we developed a method of surface-texture design to control the particle size and shape [1] . The objective of the present paper is to model the generation UHMWPE particles with surface textures containing wedge-shaped cutting edges.
INTRODUCTION
Microfabricated surface textures have been utilized to generate narrowly distributed UHMWPE wear particles with different sizes and shapes. The ultimate purpose of the research is to study bioactivity effects induced by UHMWPE particles that lead to the failure of total joint implants. Previously we developed a method of surface-texture design to control the particle size and shape [1] . The objective of the present paper is to model the generation UHMWPE particles with surface textures containing wedge-shaped cutting edges.
We will attempt to model the particle-generation process based on first principles in two steps: (1) penetration of the cutting edge, and (2) lateral sliding of the cutting edge. The penetration depth of a wedge-shaped cutting edge is based on force balance. Predictions of the penetration depth will be made under purely plastic and elastic-plastic assumptions. We will further determine the correction factor to predict the penetration depth for viscoelastic UHMWPE material. A mathematical equation will be developed to predict the penetration depth with a given surface-feature geometry and applied loads.
During the sliding of the cutting edges, displaced volume of UHMWPE leads to the material resistant force acting on the cutting edges. The resolved component force in the vertical direction lifts up the cutting edge. The penetration depth then decreases as the tip travels further. The balance of forces between the normal load and the lift-up force contributed from the material resistance is then finally reached. We are going to calculate the displaced volume of UHMWPE during the sliding process. The volume is projected to be the volume of generated particles. Finally a contact mechanics model will be developed to determine the shear volume (displaced volume) of UHMWPE with given surface texture geometry and mechanical loading condition.
A correlation relationship based on the actual particle generation process will also be established based on the results of UHMWPE-particle generation with microfabricated surface textures. By comparing the two results, we hope to validate the first principle model.
MODEL PARAMETERS
The variables of the model are the dimensions of the surface texture, the mechanical operation parameters, and the particle dimensions as output variables. A schematic representation of the particle-generation process is shown in Figure 1 . 
PENETRATION PROCESS
The penetration process of the cutting edge is discussed as a wedge indentation problem. We can represent the experimental results by the following equation that is similar to that for the plastic and elastic-plastic calculations:
where C v is the coefficient for the viscoelastic UHMWPE from the experimental results. To discuss the effect from viscoelasticity, we further obtained the experimental penetration-depth data for UHMWPE from an indentation test: 
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where C ep is the coefficient for the elastic-plastic model. The penetration depth can be then predicted from the above equation after the viscoelastic properties are taken into account.
SLIDING PROCESS
During the sliding process, a horizontal displacement is applied to the cutting edge under a constant normal load and the material is ploughed. A schematic representation of the process is shown in Figure 2 . Figure 3 shows the flow chart of the calculation procedure. The introduction of the horizontal sliding process unloads the left-hand face of the cutting edge. Further vertical deformation takes place by the cutting edge sliding further deeper in the sliding process. UHMWPE material displaced by the cutting edge was accumulated in front of the edge. The resultant force from the displaced volume acts on the cutting edge as an encountered force to the normal load. The net normal load is decreased and it leads to the decrease of the penetration depth. During the subsequent sliding process, the displaced volume for unit sliding distance is decreased. More volume is accumulated in front of the cutting edge with a decreasing rate of increase of displaced volume. It is an iterative process between increase of resistant force by increased displaced volume and decrease of penetration depth by the increase of material resistant force. Finally the cutting edge is pushed away from the UHMWPE material and the displaced volume of UHMWPE is projected to be the volume of the generated particle.
VALIDATION OF THE MODEL
Previous experimental results [2] of particle dimensions under various conditions are compared with the model predictions here. The effects of normal load, feature height and cutting-edge angle on the generated particle volume were predicted. The predicted particle volume is averagely 30% larger than the experimental results. For example, Figure 4 shows the normal load effect on particle volume. One possible reason is that in the model, we have assumed that the particle length is equal to the cutting-edge length. The viscoelasticity, leading to the shrinkage of the particle dimension after the particle is released from the bulk UHMWPE, can explain some of the difference between predicted and the experimental results. On the other hand, the multiple surface features on the surface texture may re-processing the generated particles and further reduce the particle size. With the same feature density of the surface texture, there exists higher possibility for a larger particle to be re-processed in the micro-cutting process. In the model, we assumeed a linear relationship between reacting forces and displaced volume during the sliding process of the cutting edge. However, a nonlinearity was also observed toward a larger displaced volume. It is probably why we observed a larger difference between the model prediction and the experimental results for the larger particles. 
CONCLUSION
Contact mechanics model calculated the penetration depth and then calculated the displaced volume of UHMWPE iteratively from a force-balance basis. The results of the model predictions are close to the experimental results of the particle generation. The mathematical model can be further applied to design the surface textures for generating specific size and shape of UHMWPW wear particles.
